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January 28,2003 

Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied Nutrition 
Food And Drug Administration 
5100 Paint Branch Parkway 
College Park, MD 20740-3835 

Re: GRAS-Notification 

Dear Sir or-Madam: 

In accordance-with proposed 21 CFR Q170.36 [Notice of a claim for exemption based on 
a Generally Recognized As Safe (GRAS) determination] published in the Federal 
Register (62 FR 18939-18964), I am submitting in triplicate, as the notifier, San Joaquin 
Valley Concentrates, 5631 E. Olive Ave., Fresno, CA 93727, a GRAS notification of 
grape seed extract (GSE) for use as a natural antioxidant and/or emulsifier in certain 
conventional foods, a GRAS panel report setting forth the basis for the GRAS 
determination (as amended), and curricula vitae of the members of the GRAS panel for 
review by the agency. 

Please note that, while San Joaquin Valley Concentrates is the notifier of the GRAS 
exemption claim for GSE, Dry Creek Nutrition, Inc. convened the Expert Panel for the 
GRAS evaluat'ion. Since the Expert Panel recommendation in November 2001 , Dry 
Creek Nutrition, Inc. merged into San Joaquin Valley Concentrates. Both companies are 
owned by the>same parent company. 

Sincerely, 

Enclosures 

080007 
. t  

SAN JOAQUIN VALLEY CONCENTRATES, 5631 E. OLIVE AVE., FRESNO, CA 93727 
. TOLL FREE:(800)557-0220 OFFICE:(559)458-2500 FAX:(559)458-2564 
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Prepared for: Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5100 Paint Branch Parkway 
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Prepared by: San Joaquin Valley Concentrates 
5631 E. Olive Avenue 
Fresno, CA 
93727 
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GRAPE SEED EXTRACT (GSE) NOTIFICATION 

I GRAS Exemption Claim 

A. Claim of Exemption From the Requirement for Premarket Approval Pursuant to 
Proposed 21 CFR §170.36(c)(l) [62 FR 18938 (17 April 1997)] 

Grape Seed Extract (GSE), as defined in the report in Appendix I entitled, “EXPERT PANEL 
REPORT CONCERNING THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS OF 
GRAPE SEED EXTRACT WITH LESS THAN 5.5% CATECHIN MONOMERS (lH636) FOR 
USE-IN FOODS”, dated November 9, 2001 ’, has been determined to be Generally Recognized 
As Safe (GRAS), consistent with Section 201 (s) of the Federal Food, Drug, and Cosmetic Act. 
This determination is based on scientific procedures as described in the following sections, 
under the conditions of its intended use in food, among experts qualified by scientific training 
and expertise. Therefore, the use of GSE in food as described below is exempt from the 
requirement of premarket approval. 

Signed, 

San J o a d n  Valley Concentrates 
5631 E. Olive Ave. 
Fresno, CA 93727 

B. Name and Address of Notifier 

Mr. Steven J. Anderson 
Vice President 
San Joaquin Valley Concentrates 
5631 E. Olive Ave. 
Fresno, CA 93727 

C. Common Name of the Notified Substance 

Grape Seed Extract (GSE) 

000009 
Dry Creek Nutrition, Inc., convened the Expert Panel for the GRAS evaluation of GSE. I 
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GRAPE SEED EXTRACT (GSE) NOTIFICATION 

Food Category Proposed Food Use 

Beverages and Beverage Bases Carbonated soft drinks 

Instant and regular hot cereals 

Ready-to-eat cereals 

Regular and low-fat ice creams and ice 

Frozen yogurt 

Reduced-fat milks 
Flavored milk based beverages 
Meal replacements 
Buttermilk 

Breakfast Cereals 

Fats and Oils Mayonnaise 
Frozen Dairy Desserts and Mixes 

milks 

Grain Products Health bars 

Milk, Whole, and Skim 
Milk Products 

D. Conditions of Intended Use in Food 

Use-Levels for GSE 

0.02 
0.08 
0.08 
0.02 
0.01 

0.01 
0.08 
0.01 
0.01 

0.08 
0.01 

(”/I 

GSE is intended for use as a natural antioxidant andlor emulsifier in conventional foods such as 
beverages and beverage bases, breakfast cereals, fats and oils, frozen dairy desserts and 
mixes, grain products, milk and milk products, and processed fruits and fruit juices (see Table I ) .  

Processed Fruits and Fruit Juices 

Yogurt 0.02 

Fruit juices 0.02 
Carbonated and fruit-flavored drinks 0.02 

Recently, GSE was evaluated by the Flavor and Extract Manufacturers’ Association of the 
United States (FEMA) and was concluded to be acceptable for use as a flavor modifier at levels 
of 100 to 200 ppm in fruit-based beverages and powdered drink mixes, salad dressings, frozen 
desserts, cultured dairy products, and skimmed milk (Adams, 2001 ). 

In oil/water systems, GSE functions as a preservative and an emulsifier, while in aqueous 
solutions, GSE acts as a preservative. The amount used will not be in excess of that necessary 
to achieve its intended effect as an antioxidant and/or emulsifier, and due to its astringent 
flavor/taste, the levels of use in conventional food products will not exceed 800 ppm [see 
Appendix II entitled, “EXPERT PANEL REPORT CONCERNING THE INCREASED USE 

(lH636) IN FOODS”, dated May 15, 20021. 
000010 

GSE is a complex mixture of flavonoids composed of 73.32 to 77.63% oligomeric and polymeric 
flavan-3-01s (proanthocyanidins) and less than 5.5% monomeric flavan-3-01s (catechins) (dry 
weight basis) (see Section II A). Proanthocyanidins have been identified in various foods 

LEVELS OF GRAPE SEED EXTRACT WITH LESS THAN 5.5% CATECHIN MONOMERS 
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GRAPE SEED EXTRACT (GSE) NOTIFICATION 

including chocolate, wine, fruits such as apples, cherries and plums, fruit juices, beans, and tea 
(Macheix et a/., 1990; Adamson et a/., 1999; Arts et a/., 2000a,b; de Pascual-Teresa et a/., 2000; 
Hammerstone et a/. , 2000; Santos-Buelga and Scalbert, 2000; Scalbert and Williamson, 2000; 
Teissedre and Landrault, 2000). Based on average values for proanthocyanidin content of 
different food types (where data exists) and the per capita consumption of foods in the United 
States [U.S. Census Bureau data from USDA, Food Consumption, Prices and Expenditure, 
1970-1 9971, the per capita consumption of total proanthocyanidins (including polymers) was 
conservatively estimated to be 493 mglday, or 7.04 mg/kg body weightlday for a 70 kg individual 
(U.S. Department of Commerce, 1999; de Pascual-Teresa et a/., 2000; Hammerstone et a/., 
2000). The estimated average intake of all monomeric flavonoids was reported to be between 
23 mg/day (Netherlands) and 170 mg/day (United States) (Hanasaki et a/., 1994; Cook and 
Samman, 1996; Arts et a/., 2000a,b). 

Using the means of available data of the flavan-3-01 concentration of various foods (Macheix et 
a/. , 1990; Vinson et a/. , 1998; Adamson et a/. , 1999; Arts et a/. , 2000a,b; de Pascual-Teresa et 
a/., 2000; Hammerstone et a/., 2000; Santos-Buelga and Scalbert, 2000; Scalbert and 
Williamson, 2000; Teissedre and Landrault, 2000), the per capita consumption of monomeric 
and oligomeric flavan-3-01s in the United States was estimated to be 76 and 147 mg/day, ' 

respectively (see Table 2), or 223 mg total flavan-3-ols/day. This value is approximately one 
half of the estimated total daily proanthocyanidin consumption. 

January 28,2003 
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GRAPE SEED EXTRACT (GSE) NOTIFICATION 

Per capita Consumption 
of Food’sZ 

11 Table 2 Estimated Daily f e r  capita Flavan-3-01 Consumption in the United States 11 
Average Concentration of Daily Per capita Flavan-3-01 

Flavan-3s13 Consumption 
00 9) (mglday) 

Product 

Noncitrus fresh fruit 

Chocolate 

Fruit juice4 

Tea and tea products 

48.36 0.132 5.3 16.2 7 21 

21.90 0.060 49.3 173 30 104 

57.32 0.157 0.8 13.8 1 11 

31.04 0.085 39.4 6.86 34 6 

II I (kglyear) I (kg/day) j Monomers I Oligomers j Monomers I Oligomers 11 

~ 

Wine and wine 
coolers 
Beer 

1 1.36 0.031 3.5 7.0 1 2 

128.33 0.352 1 .o 0.84 4 3 
~ 

The consumption of GSE from all proposed uses was estimated using the United States 
Department of Agriculture (USDA) 1994-1 996 Continuing Survey of Food Intakes by Individuals 
(USDA CSFll 1994-1 996) and the 1998 Supplemental Children’s Survey (USDA CSFll 1998) 
(USDA, 2000). The mean intake of GSE by the total population that results from the conditions 
of its intended use in foods was estimated to be 153 mg GSE/person/day, or 2.90 mg/kg body 
weighvday. The 90* percentile intake of GSE by the total population that results from the 
conditions of its intended use in foods was estimated to be 291 mg GSE/person/day, or 6.09 
mg/kg body weightlday. This level is approximately equivalent to the combined dietary intake of 
catechin monomers and oligomeric proanthocyanidins from their natural occurrence in food, and 
less than the total dietary flavan-3-01 consumption. 

E. Basis for the GRAS Determination 
(400812 

The determination that GSE, as defined in Appendix I, is GRAS is on the basis of scientific 
procedures (see Appendices I and I1 entitled, “EXPERT PANEL REPORT CONCERNING THE 
GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS OF GRAPE SEED EXTRACT WITH 
LESS THAN 5.5% CATECHIN MONOMERS (lH636) FOR USE IN FOODS” and “EXPERT 
PANEL REPORT CONCERNING THE INCREASED USE LEVELS OF GRAPE SEED 
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GRAPE SEED EXTRACT (GSE) NOTIFICATION 

EXTRACT WITH LESS THAN 5.5% CATECHIN MONOMERS (lH636) IN FOODS”, 
respectively). 

F. Availability of Information 

The data and information that serve as the basis for this GRAS notification will be sent to the 
U.S. Food and Drug Administration (FDA) upon request, or will be available for FDA review and 
copying at reasonable times at the offices of: 

Mr. Steven J. Anderson 
Vice President 
San Joaquin Valley Concentrates 
5631 E. Olive Ave. 
Fresno, CA 93727 

Should the FDA have any questions or additional information requests regarding this notification, 
San Joaquin Valley Concentrates will supply these data and information. 

II. Detailed Information About the Identity of the Substance 

A. Identity 

GSE is a natural extract from the seeds of Vitis vinifera. It is a rose-brown powder with a tea-like 
odor and a bitter, astringent taste, and is soluble in water (1.88 g/lOO mL water at 50°C). GSE is 
a- complex mixture of monomeric and oligomeric (two to nine monomer units; proanthocyanidins) 
flavan-3-01s containing trace amounts of lipids and proteins, and small amounts of 
polysaccharides. The average degree of polymerization of GSE is 5. 

Common or Usual Name: 
Chemical Name: 
Chemical Abstracts Service 
(CAS) Number: 

Grape seed extract (GSE) 
Proanthocyanidins, rich natural extract 

Grape seed extract has not been assigned a CAS number 

The. flavan-3-01s monomers that have been identified in GSE are (+)-catechin, (-)-epicatechin, 
(-)-epicatechin gallate (ECG), (-)-epigallocatechin (EGC), and (-)-epigallocatechin gallate 
(EGCG). The structural formulae of the monomeric and oligomeric constituents of HI636 are 
presented below. 
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Structural Fprmulae of Monomeric Constituents: 

ypdOH \ 

OH 

OH 

(+)-Catechin (->Epicatechin 

/OH 

OH 

(-)€pigallocatechin 

OH 
/ 

I I 
OH OH 

(->Epigallocatechin gallate (->Epicatechin gallate 
OH OH 

Structural Formulae of Oligomeric Constituents: 

OH 

OH 

Proanthocyanidin 6-1 Dimer 
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B. Method of Manufacture 

Purified, dried grape seeds are extracted with deionized water under heat nd increased 
pressure and/or reduced oxygen to produce an aqueous proanthocyanidin extract.. The 
aqueous extract is filtered by ultrafiltration to remove suspended solids, adsorbed on a 
chromatographic column to isolate proanthocyanidins, eluted from the column with ethanol, and 
concentrated by nanofiltration and/or evaporation. The concentrated extract is dried to remove 
residual water and ethanol, ground to particle-sized specifications, blended, and packaged in air- 
and moisture-tight containers. All materials involved in the manufacturing process are 
appropriate for food use. A schematic diagram of the manufacturing process is presented in 
Figure 1. Product specifications are presented in Table 3. 

January 28,2003 
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SEPARA TlON 

OPC REMOVED 

Confidential Business Information 
DO NOT DISCLOSE 

CONTAINING OPC 

Figure 1. Manufacturing Scheme for Grape Seed Extract (GSE) 

' MA TERlAL (WASTE) DISCARD a SAVE 

71 
TERlAL + WATER 
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I 
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GRAPE SEED EXTRACT (GSE) NOTIFICATION 

Specification Parameter 
Total phenols (GAE’, dry basis) 

Total monomers 
Loss on Drying (LOD) 

Protein 
Ash 
Fat 
Polysaccharides 

Confidential Business Information 
DO NOT DISCLOSE 

Specification 
278% 

4.5% 
4% 

Not more than 7.0% 
Not more than 1 .O% 

Not more than 1 .O% 

Not more than 12% 

Chemical and Microbiological Specifications for Grape Seed Extract (GSE) I 

Arsenic 
Mercury 
Cadmium 
Lead 

c5 PPm 
~0.20 ppm 
4 .O ppm 
< I  .O ppm 

January 28,2003 

Total plate count 
Total Coliform 
Salmonella typhimurium 
Escherichia coli 
Staphylococcus aureus 
Yeast and mold 

000017 

<1,000 cfu2/gm 
<3 cfu 
Negative 
<3 cfu 
4 0  cfu 
4 0 0  cfu 
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111. Self-Limiting Levels of Use 

The levels of use of GSE in foods are limited by its bitter, astringent taste. 

IV. Basis for GRAS Determination 

Pursuant to 21 CFR 9170.30, the grade of GSE intended for use in foods by San Joaquin Valley 
Concentrates, as defined in Appendix I, has been determined to be GRAS based on scientific 
procedures. This determination is based on the views of experts who are qualified by scientific 
training and experience to evaluate the safety of GSE as a component of food. The safety of 
GSE is based on animal and human data, including a subchronic toxicological study on GSE 
(Wren et a/. , 2002) and metabolic, mutagenicity, toxicological, clinical, and nutritional studies on 
other grape seed extract products and/or components of GSE; and supported by a long and safe 
history of proanthocyanidin consumption as a result of their abundant natural presence in food; 
and the small quantities expected to be consumed from the proposed uses. This determination 
is further supported by an Expert Panel evaluation of the health aspects of GSE, other grape 
seed extract products, and components thereof (see Appendix I). 

’ 

As specified in Appendix I, the potential genotoxicity of proanthocyanidin monomers, oligomers, 
and polymers has been evaluated in various mutagenicity and genotoxicity assays. Evidence of 
toxicity or mutagenicity was reported not to occur when these compounds were tested in the 
Ames assay, with or without metabolic activation (Brown and Dietrich, 1979; Yu and 
Swaminathan, 1987; Takahashi et a/., 1999; Duarte Silva et a/., 2000). Overall, monomeric and 
oligomeric constituents of grape seed extract did not produce mutagenic effects or induce DNA 
damage in the sister chromatid exchange assay or the chromosomal aberration assay (Jain and 
Sethi, 1991; Popp and Schimmer, 1991; Takahashi et a/., 1999; Duarte Silva et a/., 2000). 
Takahashi et a/. (1999) reported the production of polyploidy in Chinese hamster lung (CHL) 
cells by the proanthocyanidin B-2 dimer both in the absence (-12%) and presence (-20%) of 
metabolic activation; however, no structural aberrations were induced. Alternatively, the B-2 
dimer did not induce polyploidy in human lymphocyte cultures (Popp and Schimmer, 1991), and 
negative results were reported for the B-2 dimer in vivo in the micronucleus test in mice 
(Takahashi et a/,, 1999). It was concluded by Takahashi et a/. (1999) that the proanthocyanidin 
8-2 dimer ”induced only polyploidy in chromosomal aberration tests in vitro.” In subsequent 
mutagenicity and genotoxicity tests of a grape seed extract with a similar composition to GSE 
(Gravinol SuperTM) (see Appendix Ill entitled, “COMPARISON OF THE OLIGOMERIC AND 
MONOMERIC FLAVAN-3-OL DISTRIBUTION IN TWO COMMERCIAL GRAPE SEED 
EXTRACT PREPARATIONS”), mutagenicity was reported not to occur in vitro in the Ames 
assay using Salmonella typhimurium or in the chromosomal aberration assay using CHL cells, 
both with and without metabolic activation (Yamakoshi et a/., 2002a). Although the authors 
reported the proanthocyanidin dimers and tetramers to exhibit “weak activities”, which they 

\ 

i 
~ 
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suggested were possibly the result of rapid autoxidation of the proanthocyanidins under the 
alkaline conditions, aneuploidy and polyploidy were not induced by proanthocyanidin dimers, 
trimers, or tetramers in the in vitro chromosomal aberration test. Negative results were reported 
in vivo in the micronucleus test in mice (Yamakoshi et a/., 2002a; Erexson, 2003), which the 
authors considered to be strong support for the lack of mutagenic and clastogenic activity of 
grape seed extract. 

Evaluation of scientific data pertaining to the possible health effects of GSE under the intended 
conditions of use in foods by the Expert Panel resulted in the conclusion that GSE, “meeting 
food grade specifications and produced in compliance with cGMP (current good manufacturing 
practice), is Generally Recognized As Safe (GRAS) by scientific procedures for use as an 
antioxidant and/or emulsifier in conventional foods under the conditions of intended use 
described herein” (see Appendix I). Subsequent to the GRAS evaluation, additional feeding 
studies of the potential toxicological effects of grape seed extracts of similar composition [ ie. ,  
Gravinol SuperTM; 89.3% (w/w) oligomers and polymers, 6.6% monomers (w/w) (see Appendix 
Ill)] to GSE have been made publicly available (Bentivegna and Whitney, 2002; Yamakoshi et 
a/., 2002a). The results of these studies indicated that, grape seed extract, administered to rats 
via the diet at levels providing up to 1,780 mglkg body weighvday in males and 2,150 mglkg 
body weighffday in females, did not produce adverse effects, and thus support the safe use of 
proanthocyanidin-rich extracts as dietary components for human consumption. In addition, 
various clinical, non-clinical, and in vitro studies have been conducted to investigate the possible 
beneficial effects of dietary grape seed extract as a biological antioxidant (Shao et a/., 2001 ; 
Kalin et a/., 2002; Khanna et a/., 2002; Natella et a/., 2002; Pataki et a/., 2002; 
Shanmuganayagam et a/., 2002; Vinson et a/., 2002; Yamakoshi et a/., 2002b). ’ 

Chemical analysis of GSE indicated the presence of trace amounts of quercetin (0.1 1 mg/g 
GSE). Quercetin is a member of the flavonol class of flavonoids, and has been reported to 
occur naturally in various fruits and vegetables including onions, kale, beans, apples, and 
cherries (Hertog ‘et a/. , 1992). The daily intake of quercetin from its natural occurrence in the 
diet was reported to range from 2.6 to 38.2 mgjperson, with an average intake of approximately 
16 mg quercetin/person/day (Hertog et a/., 1993; 1995; Arai et a/., 2000). With an estimated 
total population 90th percentile intake of 291 mg GSE/person/day from its intended use in foods, 
the level of intake of quercetin is expected to be not more than 0.032 mg/person/day. This level 
is approximately 500 times less than the average dietary intake of quercetin, and thus is 
expected not to produce adverse effects on human health. 
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EXPERT PANEL REPORT CONCERNING THE GENERALLY RECOGNIZED AS SAFE 
(GRAS) STATUS OF GRAPE SEED EXTRACT WITH LESS THAN 5.5% CATECHIN 

MONOMERS (lH636) FOR USE IN FOODS 

November 9,2001 

Introduction 

As independent experts qualified by relevant national and international experience and scientific 
training to evaluate the safety of food ingredients, we, the undersigned, Joseph F. Borzelleca, 
Ph.D. (Medical College of Virginia), Andrew L. Waterhouse, Ph.D. (University of California), and 
Gary Williams, M.D. (New York Medical College), were requested by the manufacturer, Dry 
Creek Nutrition, Inc., as an Expert Panel (hereinafter referred to as the Panel) to evaluate the 
safety and to determine the Generally Recognized As Safe (GRAS) status of Grape Seed 
Extract with less than 5.5% Catechin Monomers (lH636) under the conditions of intended use in 
conventional foods as an antioxidant and/or emulsifier. Curricula vitae evidencing the 
qualifications of the Panel for evaluating the safety of food,ingredients are provided in 
Attachment 1. 

The Panel, independently and collectively, critically examined a comprehensive package of 
publicly available scientific information and data compiled from the literature and other published 
sources. In addition, the Panel evaluated other information deemed appropriate or necessary, 
including data and information provided by Dry Creek Nutrition Inc. The data evaluated by the- 
Panel included information pertaining to the method of manufacture and product specifications, 
analytical data, the intended use of lH636 as an antioxidant and/or emulsifier, exposure data, 
and comprehensive literature on the safety of grape seed extract components and studies on 
lH636. 

Following independent and collective critical evaluation of available data and information 
summarized herein, the Panel was asked to render an opinion on whether lH636, meeting 
appropriate food grade specifications and manufactured in compliance with current Good 
Manufacturing Practices, is Generally Recognized As Safe (GRAS) based on scientific . 

procedures. 

Composition, Manufacturing and Specifications 

lH636 is a natural extract from the seeds of Vitis vinifera. It is a complex mixture of monomeric 
and oligomeric flavan-3-01s (two to nine monomer units) (proanthocyanidins) containing trace 
amounts of lipids and proteins, and small amounts of polysaccharides. The flavan-3-01s that 
have been identified in lH636 are (+)-catechin, (-)-epicatechin, (-)-epicatechin gallate, (-)- 
epigallocatechin, and (-)-epigallocatechin gallate. 
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Purified, dried grape seeds are extracted with deionized water under heat and increased 
pressure and/or reduced oxygen to produce an aqueous proanthocyanidin solution. The 
aqueous solution is purified by ultrafiltration, and elution from an adsorption resin with ethanol, 
and concentrated by nanofiltration. The extract is dried to remove residual water and solvent, 
ground to particle-sized specifications, blended, and packaged in an air-and moisture-tight 
container. All materials involved in the manufacturing process are appropriate for food use. 
Product specifications are presented in Table 1. 

Regulatory Status 

lH636 is marketed as a dietary supplement in the United States under the Dietary Supplements 
Health and Education Act. Two similar proanthocyanidin containing extracts, grape color extract 
(21 CFR $73.169) used in non-beverage foods and grape skin extract (21 CFR $73.170) used in 
beverages, are permitted color additives (CFR, 2001~). Recently, lH636 was evaluated by the 
Flavor and Extract Manufacturer’s Association and was found to be acceptable for use as a 
flavoring agent at levels of 100 to 200 ppm in fruit based beverages, powdered drink mixes, 
salad dressings, frozen desserts, cultured dairy products, and skimmed milk. 

Intended Use 

lH636 is intended to be used as an antioxidant and/or emulsifier in conventional foods such as 
beverages and beverage bases, breakfast cereals, fats and oils, frozen dairy desserts and 
mixes, grain products, milk and milk products and processed fruits and fruit juices. It acts as a 
preservative in a number of aqueous and oil/water systems and as an emulsifier in oil/water 
systems. The levels of use are self-limiting as a result of its astringent flavorhaste at use levels 
> 500 ppm. Intended food uses and use levels are presented in Table 2. lH636 is not intended 
for use in foods consumed by infants. 

Exposure Estimates 

Proanthocyanidins occur naturally in foods such as tea, chocolate, wine, and fruits, and the per 
capita consumption of proanthocyanidins from these foods was estimated to be 493 mg/day, or 
7.04 mg/kg body weightlday for a 70 kg individual. 

The consumption of lH636 from all proposed uses was estimated using the United States 
Department of Agriculture (USDA) 1994-1 996 Continuing Survey of Food Intakes by Individuals 
(USDA CSFll 1994-1996) and the 1998 Supplemental Children’s Survey (USDA CSF II 1998) 
(USDA, 2000). The mean and 90th percentile intake of lH636 by the total population from all 
proposed food-uses was estimated to be 138 mg/person/day (2.58 mg/kg body weightlday) and 
264 mglpersonlday (5.46 mg/kg body weightlday). 
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Data Pertaining to Safety 

The safety of lH636 is based on (a) a history of proanthocyanidin consumption as a result of 
their abundant natural presence in food, (b) the small quantities expected to be consumed from 
proposed uses, (c) toxicological and clinicalstudies on lH636, and (d) metabolic, mutagenicity, 
toxicological, clinical, and nutritional studies on components of lH636. 

Absorption, Distribution, Metabolism, and Excretion (ADME) 

Generally, oligomeric proanthocyanidins are poorly absorbed across the intestinal lumen, 
although it has been reported that oligomeric proanthocyanidins may be hydrolyzed to 
monomers, dimers, and trimers in an acidic environment, such as stomach and upper intestinal 
tract (Spencer et a/., 2000). These dimers and trimers may be absorbed intact or further 
degraded to flavan-3-01 monomers in the intestinal lumen. Monomers may be absorbed across 
the intestinal lumen intact or partially metabolized by the intestinal microflora to 
phenylvalerolactones, and to a certain extent further to phenolic acids and their derivatives. 
Following absorption, proanthocyanidins are transported to the liver via the portal system, where 
they form glucuronide and/or sulfate or methyl conjugates. Proanthocyanidins also may be 
distributed to other tissues such as the kidney, lung, spleen, and connective tissue. Catechin 
metabolites, such as the phenylvalerolactones, are 0-methylated in the,intestinal cell. The acids 
are further oxidized by P-oxidation to benzoic acid derivatives, which may further be conjugated 
with glycine to hippuric acid derivatives. Proanthocyanidins and their metabolites are eliminated 
through urinary, fecal, and biliary excretion, and via respired carbon dioxide. 

Toxicological Studies 

Acute Studies 

LDS0 values of greater than 5 glkg body weight obtained in acute studies indicate that grape 
seed extract and (+)-catechin have low oral toxicity in various laboratory animals such as mice, 
rats and dogs (Unno et a/., 1982; Varsho, 1996; Yamane et a/., 1996; Bagchi et a/., 2000). 

Subchronic and chronic studies 

Two oral toxicity studies have been performed using lH636. In a 9O-day'oral toxicity study, 
lH636 was provided to 4 groups Sprague-Dawley rats (20 rats/sex/group) at levels of 0, 0.5, 1 .O, 
or 2.0% (Wren et a/., 2001). On a body weight basis, these doses were reported to be 
equivalent to 0, 348, 642, and 1,586 mg/kg body weight, respectively, for male rats, and 0, 469, 
883, and 1,928 mg/kg body weight, respectively, for female rats. The authors reported no 
compound-related effects on body or organ weights, ophthalmology evaluation, or clinical 
chemistry or histopathological parameters in any of the animals. Decreased serum iron levels 
were reported in male rats in the high-dose group; however, the authors reported these levels to 
be within range of historical limits (Loeb and Quimby, 1989; Wren et a/., 2001). A significant 
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increase in food consumption was reported in male rats in the high-dose group absent of 
accompanying gains in body and absolute organ weights. No adverse effects were observed at 
2.0% in the diet, the highest dose tested. 

Male B6C3F1 mice were provided lH636 in the diet at levels designed to deliver 0 or 100 mg/kg 
body weightlday for a period of 12 months (Ray and Bagchi, 2000). No compound-related 
deaths or effects on body weight gains, or macroscopic or histopathological changes in any of 
the organs of the treated animals were reported. 

Additional oral toxicity studies have been performed using similar extracts from grape seeds. 
Six groups of adult male ICR (CD-I) mice (number of animals/group not specified), were 
administered 100 mg grape seed extractlkg body weight by gavage for periods up to 7 to1 0 days 
(Bagchi et a/., 2001). No significant changes were reported in serum alanine aminotransferase 
(ALT) and creatine kinase activity, blood urea nitrogen level, organ histopathology, or DNA 
fragmentation compared to the saline control groups. No other parameters were evaluated. 

Groups of 52 weanling Brown NorwaylFischer 344 hybrid rats (BNIF344) were provided a basal 
diet containing 0 or niacin-bound chromium (providing approximately 5 ppm chromium), zinc 
monomethionine (providing 18 ppm zinc), and 250 ppm grape seed extract for a period of 10 
months to 1 year (Preuss et a/., 2001). Using an estimate of 1 ppm equivalent to 0.05 to 0.1 
mg/kg body weightlday (U.S. FDA, 1993), this would correspond to a level of approximately 12.5 
to 25 mg grape seed extractlkg body weightlday. Body and organ weights, blood chemistry, 
TBARS, and SBP were obtained for both groups, and the activity of the renin-angiotensin and 
nitric oxide systems of the rats was assessed. The authors reported no evidence of toxicity. 

Various studies in rats and dogs have investigated the possible effects of subchronic 
administration of monomeric catechin fractions of tea. No relevant toxicological effects were 
noted at levels up to 150 mg/kg body weightlday over 28 days. Kao et a/. (2000) examined the 
possible physiological effects of orally and intraperitoneally administered green tea catechins in 
male and female Sprague-Dawley and lean and obese male Zucker rats. Male and female 
Sprague-Dawley rats were provided 0 or 15 mg epigallocatechin gallate in the diet for a period of 
7 days. Additionally, dose-dependent effects were evaluated following intraperitoneal injections 
of 0 or 26 to 92 mg catechin monomers/kg body weight to male and female Sprague-Dawley rats 
for a period of 7 days, and 81 or 92 mg epigallocatechin gallatelkg body weight to lean and 
obese Zucker rats, respectively. The authors reported dose-dependent decreases in body 
weight gains that resulted from decreased food intake in male and female Sprague-Dawley rats 
administered epigallocatechin gallate, but not epigallocatechin or other catechins. The 
decreased weight gains were accompanied by decreased weights of accessory sexual organs, 
liver, kidney, testes, and spleen in Sprague-Dawley and lean Zucker rats, but not in obese 
Zucker rats. Epigallocatechin gallate was reported not to be toxic to the liver or kidney and did 
not produce changes in serum enzymes. 
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For a period of 28 days, 15 or 75 mg/kg body weight green tea extract containing (+)-catechin, 
epicatechin, epigallocatechin, epicatechin gallate, and epigallocatechin gallate were provided 
orally to Sprague-Dawley rats (method of oral administration (diet, water, gavage) not specified) 
(Yamane et a/., 1996). The green tea extract was reported not to affect body weight gains or 
hematological or biochemical parameters. As reported in a published summary of a preclinical 
trial sponsored by the Chemoprevention Branch, dogs (l/sex/group) were orally administered 
20, 75 or 150 mg epigallocatechin gallate (capsule form)/kg body weightlday for a period of 28 
days (NCI, 1996). Due to a lack of observed toxicity in dogs in the low-dose group (20 mg/kg 
body weightlday), the animals were administered 300 mg epigallocatechin gallate/kg body 
weightlday for the remaining 2 weeks of the study period. The authors reported that oral 
administration of epigallocatechin gallate produced no compound-related toxicity. 

Reproductive and Developmental Studies 

The possible effects of (+)-catechin on reproductive and developmental parameters were 
examined by Mitsumori et a/. (1982a) in a 3-generation rat study. (+)-Catechin was administered 
orally (method of oral administration not specified) to groups of 21, 21, 22, or 29 pregnant 
Sprague-Dawley rats at levels of 0 (control), 450, 1,500, and 5,000 mg/kg body weightlday, 
respectively from Day 7 to Day 17 of gestation (Japanese article, English summary and tables 
only). Laparotomy of approximately two-thirds of the dams in each group was performed on Day 
21 of gestation for examination of the FA fetuses. The remaining dams were allowed to deliver 
naturally. Dams administered 5,000 mg/kg body weightlday were reported to have decreased 
body weight gains and food intake, and increased water intake compared to controls. At 
necropsy, the dams in the 5,000 mg/kg body weightlday dose group were reported to have lower 
liver weights and enlarged caecum relative to the control group. No effects were reported in the 
other treatment groups. Slightly lower body weights and retarded development of the caudal 
vertebrae of male F1 fetuses examined on Day 21 of gestation were reported when compared to 
the controls, and the authors reported this difference to be statistically significant. No other 
effects on the F1 fetuses were reported. No significant differences in the post-natal development 
between the F, pups and controls were reported. Compared to controls, relative weights of the 
heart of males and the uterus of females in the 1,500 mg/kg body weight dose groups were 
decreased, and the relative weights of the lung and ovary of females in the 5,000 mg/kg body 
weightlday dose group were increased. The authors reported no compound-related effects on 
the reproductive abilities of the F1 generation, and no developmental effects in the F2 generation. 
The authors reported a maximum safe dose of 1,500 mg/kg body weightlday for pregnant rats 
and fetuses. 

In a study designed to investigate the potential peri- and postnatal effects of flavanols, 
(+)-catechin was administered orally (method of administration not specified) to groups of 
pregnant Sprague-Dawley rats (24 ratslgroup) at levels of 0 (control), 450, 1,500, and 5,000 
mglkg body weightlday from Day 17 of gestation to Day 21 of lactation (26 days total), at which 
time the dams were necropsied (Japanese article, English summary and tables only) (Mitsumori 
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et a/., 1982b). Body weight gains and food intake of dams in the 1,500 and 5,000 mg/kg body 
weightlday dose groups were reported to be decreased during gestation, and water intake was 
increased during lactation compared to controls. Some significant differences in relative organ 
weights of the dams were reported. The relative liver weights of dams in the 1,500 and 5,000 
mg/kg body weightlday and kidney weights in the 450 and 5,000 mg/kg body weightlday dose 
groups were increased compared to controls; however, the authors’ reported that these 
differences were not of toxicological significance, and these effects were not reported at these 
doses in dams in the developmental study. Measurement of body weight gain, viability, general 
behavior, sensory functions, open-field behavior, and learning ability was reported not to show 
any compountl-related effects in the F1 pups. Relative weights of the thymus of males and 
uterus of females in the 5,000 and 450 mglkg body weightlday dose groups, respectively, were 
reported to be increased compared to controls. No significant differences in the reproductive 
ability of the F, generation or developmental effects in the Fp generation rats were reported, and 
the authors reported a maximum safe dose for peri- and postnatal pups of 5,000 mg/kg body 
weig htlday. 

Oral administration of 0 (control), 125, 250, or 500 mg (+)-catechin/kg body weightlday to 
pregnant New Zealand White rabbits on Days 6 to 18 of gestation was reported not to result in 
any embryotoxic or teratogenic effects in any of the fetuses (Yokoi et a/., 1982). 

Other Studies 

Several studies designed to examine the possible oncoprotective properties of 
proanthocyanidins against several carcinogens, such as 7,12-dimethyl-benz[a]anthracene 
(DMBA), 1,Z-dimethylhydrazine (DMH), or 2,2’-dihydroxy-di-n-propylnitrosamine (DHPN), have 
provided details of control groups Sprague-Dawley or F344 rats administered catechin 
monomers only at oral dose levels up to 1,000 mg/kg body weightlday for periods of 23 to 33 
weeks (Hirose et a/., 1993, 1997, 2001). No proanthocyanidin-related adverse effects on body 
weight gains or final organ weights were reported. Additionally, proanthocyanidins were 
reported not to adversely affect the progression, incidence, or multiplicity of carcinogen-induced 
tumorigenesis. 

Genofoxicify Studies 

The genotoxic potential of proanthocyanidin polymers, oligomers, and monomers were 
evaluated in the Ames assay using Salmonella typhimun’um strains TA 98, TA 100, TA 1535, 
1537 and TA 1538 and in a strain of Escherichia coli (WP2uvrA). No evidence of toxicity or 
mutagenicity was reported at concentrations of up to 5 mg/plate (the highest concentration 
used), with or without metabolic activation (Brown and Dietrich, 1979; Yu and Swaminathan, 

TA 

1987; Takahashi et a/., 1999; Duarte Silva et a/., 2000). Overall results of the sister chromatid 
and the chromosomal aberration assays using human lymphocyte and Chinese hamster lung 
cells indicated that the oligomeric and monomeric constituents of grape seed extract do not 
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produce mutagenic effects or induce DNA damage (Jain and Sethi, 1991 ; Popp and Schimmer, 
1991 ; Takahashi et al., 1999; Duarte Silva et al., 2000). The proanthocyanidin 8-2 dimer was 
reported to produce polyploidy in Chinese hamster lung (CHL) cells in the absence (-12%) and 
presence (-20%) of metabolic activation (Takahashi et al., 1999); however, Popp and Schimmer 
(1 991 ) reported that the B-2 dimer did not induce polyploidy in human lymphocyte cultures and 
Takahashi et a/. (1999) reported negative results for the B-2 in vivo in the micronucleus test in 
mice. Takahashi et a/. (1999) concluded that proanthocyanidin B-2 dimer “induced only 
polyploidy in chromosomal aberration tests in vitro.” 

Clinical Studies Relating to the Safety of Grape Seed Extract 

Various short-term clinical trials and epidemiological studies of grape seed extract 
proanthocyanidins and/or monomeric constituents have been performed to elucidate their 
metabolic profile and possible heath benefits, such as antioxidant capabilities, cardioprotective, 
and anticarcinogenic effects. Although not performed as safety assessments, these studies 
resulted in no adverse effects at doses in the range or in excess of the estimated intake level, 
and thus provide evidence for the safety of proanthocyanidins. 

No adverse effects were reported in several longer term feeding trials with tea catechins at 
doses in excess of the estimated intake levels. A group of 30 healthy volunteers with slightly 
more females than males (exact numbers not reported), 20 to 70 years of age, were provided 
500 mg tea catechins daily in tablet form (two 250 mg catechin tabletdday) for a period of 3 
months (approximately 8 mg/kg body weight/day for a 60 kg individual) (Hara, 1997). 
Approximately I 1  to 38% of the volunteers reported improvements in bowel movements, stool 
condition, and overall health general condition. During and after the 3-month study period, no 
abnormalities in body weight, blood pressure, clinical chemistry, or general clinical examinations 
were reported. Similar results were reported by Yamane et al. (1996) in a study in which 20 
healthy volunteers (IO males, 10 females) received 1 g green tea extract/day in tablettorm. In 
15 tube-fed patients (5 males, 10 females) provided 300 mg tea catechindday, measurements 
on fecal flora were reported to indicate increased lactic acid-producing bacteria, decreased 
putrefactive bacteria, and a lowered intestinal pH (Hara, 1997). A summary of the prospective 
clinical trials and epidemiological studies of grape seed extract proanthocyanidins and 
monomeric constituent is presented in Table 3. 

The Panel noted that (+)-catechin (Catergen) was approved in Europe for use as a drug in the 
1970’s for treatment of patients with acute or chronic viral hepatitis. Identified case reports 
indicated that the treatment regimen included doses of 1,500 to 2,250 mg/person/day for periods 
of up to 24 weeks (Kanai, 1988; Suzuki, 1986; Rotoli et a/., 1985). Reported Adverse Drug 
Reactions (ADR), such as fever, skin reactions, hemolytic anemia, and death, resulted in 
suspension of Catergen as a drug in 1986. The estimated exposure of (+)-catechin from the 
intended uses of 1H636 for a heavy user is expected to be approximately 4 mg 
(+)-catechinlpersonlday. The exposure to (+)-catechin from lH636 is well below the doses of 
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Catergen that were reported to produce ADR and lower than that consumed from the diet , 

(Kuhanu, 1976; Scalbert and Williamson, 2000; Macheix et a/., 1990). Therefore, the exposure 
to (+)-catechin from the intended uses of 1H636 would not be expected to produce adverse 
health effects in humans. 

Nutritional Studies 

Possible Effects of Plant Polyphenols or Tannins on Non-heme Iron Absorption 

Iron absorption has been reported to be affected by the formation of iron complexes within the 
intestinal lumen. Several studies have indicated that non-heme iron absorption may be inhibited 
by plant polyphenols, especially catechin monomers contained in foods such as tea (South et 
al., 1997; Disler et a/., 1995; Cooke et a/., 1995). In an effort to identify the relative inhibitory 
effect with different polyphenol structures, Brune et a/. (1989) measured iron absorption in 
subjects provided a bread meal, to which was added equivalent amounts of a variety of phenolic 
acids, (+)-catechin, and tannic acid as a model for polymeric structure. Gallic acid, in amounts 
naturally present in the diet, was reported to reduce iron absorption by -50% compared with 
30% for chlorogenic acid (found in coffee) and no effect at all with (+)-catechin. Tannic acid, 
containing 10 gallic acid residues, caused a dose-dependent decrease of iron absorption (88% 
reduction with 100 mg tannic acid). This was equivalent to its gallic acid content: Oregano and 
tea also inhibited iron absorption in proportion to their galloyl groups. The authors concluded 
that the content of iron-binding galloyl groups might be a major determinant of the inhibitory 
effect of polyphenolic compounds on iron absorption from the diet. The authors further 
suggested that the flavanols, both catechins and the oligomeric proanthocyanidins, did not 
interfere with iron absorption. 

In male, but not female rats, provided lH636 in the diet at levels of up to 2.0% for a period of 90 
days, decreased serum iron levels were reported in the highest dose group; however, authors 
reported these levels to be within range of historical limits (Wren et a/., 2001). Although 
available scientific evidence indicates that gallic acid esters of dietary polyphenols are 
responsible for binding iron in the gut preventing iron absorption, only 10% of lH636 contains 
proanthocyanidins esterified to gallic acid (approximately 13 mg/day) that could contribute to 
inhibition of iron absorption from the diet (Dry Creek Nutrition, Inc., personal communication; 
Brune et a/., 1989). This amount is far less than the proanthocyanidins consumed by eating an 
apple, drinking a glass of red wine, or eating 20 g of dark chocolate (Scalbert and Williamson, 
2000). Many other factors have significant effects on gastro-intestinal iron absorption and the 
overall absorption of iron from a complete meal is a result of the contribution of each active 
chemical within that meal. Ascorbic acid, meat, fruits, and fruit juices enhance iron absorption, 
whereas polyphenols in tea and coffee will inhibit iron absorption as will phytate in bran and rye 
bread, calcium in milk and cheese and soy protein. 
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Possible Effects of Proanthocyanidins on Protein Absorption 

Antinutritional effects of proanthocyanidins, such as decreased body weight gains, lower food 
and protein efficiency, inhibition of digestive enzyme systems, and increased fecal nitrogen, 
have been reported by various authors (Shahkhalili et a/., 1990; Butler, 1992; Tebib et a/., 1995; 
Chung et a/., 1998). Tannins, both condensed (proanthocyanidins) and hydrolysable, have an 
affinity for binding proteins, which may result in a lower digestibility of dietary proteins in a dose- 
dependent manner (Ricardo da Silva et a/., 1991a; Vallet et a/., 1994; Santos-Buelga and 
Scalbert, 2000). 

Alkaline phophatase (AP) activity was inhibited in an in vitro system by grape seed extract 
proanthocyanidins; however, addition of biliary juice to the incubation medium was reported to 
decrease or prevent inhibition of enzyme activity (Tebib et a/., 1995). In two studies designed to 
investigate the possible effects of grape seed condensed tannins on the activity of rat intestinal 
enzyme activities, 2 to 3 groups of 6 male Sprague-Dawley rats were provided diets containing 
up to 2.0% grape seed extract proanthocyanidins for a period of 31 days (approximately 1,000 
mg/kg body weighvday) (U.S. FDA, 1993; Vallet et a/., 1994; Tebib et a/., 1995). In both studies, 
rats receiving the grape seed tannins-containing diet were reported to have decreased body 
weight gains and increased fecal dry weight compared to the control group. Tebib et a/. (1995) 
reported that the grape seed extract proanthocyanidindiets inhibited AP activity in the jejunum, 
and sucrase and dipeptidyl peptidase IV activity in the ileum of rats, whereas, Vallet et a/. (1 994) 
reportedly observed no significant effects on AP activity. 

The dosedependent effects of the protein binding affinity of proanthocyanidins are clearly 
demonstrated in feeding studies in rats (Vallet et a/., 1994; Tebib et a/., 1995; 1996). 
Consumption of levels of up to 100 mg grape seed monomers or polymerslkg body weight were 
reported not to produce adverse effects for a period of up to 12 weeks, while consumption of 
much higher levels (at least 1,000 mg/kg body weight) was reported to result in decreased body 
weight gains and increased fecal nitrogen. Numerous proteins are present in the digestive tract 
that may competitively bind proanthocyanidins, and the effect on digestive enzymes was 
proposed to be lessened in the presence of other dietary proteins (Butler, 1992; Santos-Buelga 
and Scalbert, 2000). Others have suggested that the increased fecal nitrogen is instead 
endogenous protein from the lining and secretions of the digestive tract, including proline-rich 
salivary proteins (Shahkhalili et a/., 1990; Butler, 1992; Helsper et a/., 1993). Proline-rich 
salivary proteins have a high affinity for proanthocyanidins and the secretionof proline-rich 
salivary proteins may counteract the biological action of complexation of proanthocyanidins with 
dietary proteins,(Ricardo da Silva et a/., 1991 a). 

lH636 fed to Sprague-Dawley rats at.a level up to 2% of the diet for 90 days resulted in a 
significant increase in food consumption in male rats in the high-dose group absent of 
accompanying gains in body and absolute organ weights, or histopathological effects. 
Considering that rats normally eat to a constant energy level, the high dose male rats appear to 
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have less access to available energy, suggesting that 1H636 may interfere with nutrient digestion 
at dosages far in excess of proposed uses. 

Summary 

Overall, when viewed in its entirety, the scientific evidence for proanthocyanidins and their 
monomeric constituents support the safe intake of lH636 by humans. Existing animal studies 
with proanthocyanidin oligomers and monomers do not indicate adverse reproductive or 
developmental effects in humans from dietary exposure at the intended levels of use. 

The Panel noted the possible nutritional effects of proanthocyanidins on iron and protein 
absorption. Results from a 90-day feeding study in rats of lH636 at levels of 0, 0.5, 1.0, or 2.0% 
(Wren et a/., 2001) indicated decreased serum iron levels and a significant increase in food 
consumption absent of accompanying gains in body and absolute organ weights in male rats in 
the highdose group, which may have been related to the potential nutritional effects of 
proanthocyanidins. However, no effects were observed in rats consuming lH636 at a level of 
1 .O% in the diet. The Panel considered that the serum iron levels to be within range of historical 
limits and the potential effects on protein or energy availability, biologically insignificant at 
proposed levels of consumption. No other significant compound-related adverse effects from 
dietary exposure to proanthocyanidins or their monomeric constituents have been reported. 

Prospective clinical trials and epidemiological studies as well as reported dietary intervention 
studies using levels of grape seed extract proanthocyanidins or their monomeric constituents 
that are similar to, or greater than, the estimated intake from the intended food uses of lH636, 
indicate that these levels are well-tolerated by humans, and are without reported adverse 
effects. 

The Panel also was aware of the recommendation to the National Toxicology Program (NTP) for 
testing of grape seed extract and epigallocatechin gallate because of their use as dietary 
supplements and potential as cancer chemopreventive agents. Comments on the nomination 
for testing of these substances have not yet been published. 
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Conclusion 

We, the Expert Panel, have independently and collectively critically evaluated the data and 
information summarized above and conclude that Grape Seed Extract with less than 5.5% 
Catechin Monomers, meeting food grade specifications and produced in compliance with cGMP, 
is Generally Recognized As Safe (GRAS) by scientific procedures for use as an antioxidant , 

and/or emulsifier in conventional foods under the conditions of intended use described herein. 
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Table 1 Chemical and Microbiological Specifications for Grape Seed Extract with 
less than 5.5% Catechin Monomers 

Specification Parameter 

Total phenols (GAE’, dry basis) 

Total monomers 

Loss on Drying (LOD) 

Protein 

Ash 

Fat 

Polysaccharides 

Heaw metals 
Arsenic 
Mercury 
Cadmium 
Lead 

Microbiolodcal SDecifications 
Total plate count 
Total Coliform 
Salmonella typhimurium 
Escherichia coli 
Staphylococcus aureus 
Yeast and mold 

’ Gallic acid equivalents 
Colony forming units 

Specification 

>78% 

<5.5% 

Not more than 7.0% 

Not more than 1 .O% 

Not more than 1 .O% 

Not more than 12% 

c5 PPm 
~0 .20  ppm 
4 .O ppm 
c1 .O m m  

<I ,000 cfu2/gm 
c3 cfu 

Negative 
c3 cfu 
4 0  cfu 

<loo cfu 

008036 
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Table 2 Summary of the Individual Proposed Food Uses and Use-Levels for Grape 
Seed Extract with less than 5.5% Catechin Monomers in the U.S. 

Carbonated soft drinks 

Instant and regular hot cereals 

Ready-to-eat cereals 

Mayonnaise 

Food Category 

0.02 

0.04 

0.04 

0.02 

Beverages and Beverage Bases 

I Frozen yogurt 

Breakfast Cereals 

0.01 

Fats and 'Oils 

Grain Products 

Milk, W-hole, and Skim 

Proposed Food Use 

Health bars 0.04 

Reduced-fat milks 0.01 

Use-Levels for Grape Seed 
Extract with less than 5.5% 

Catechin Monomers (%) 

Flavored milk based beverages 

Meal replacements 

0.01 

0.04 

Frozen Dairy Desserts and Mixes II 

Carbonated and fruit-flavored 
drinks 

Regular and low-fat ice creams. 
and ice milks 

0.02 

0.01 

II I I 

11 Milk Products 

II 
Buttermilk 0.01 ll II I Yogurt I 0.02 

Processed Fruits and Fruit Juices Fruit juices I 0.02 

000037 

13 



Number of Subjects 

15 tube-fed fecal 
metabolic patients 

Source of Exposure Estimated Intake Measured Outcome Reference 
Monomers and/or Period of Catechin 

Polymers Monomers 
(mglpersonlday) 

23 healthy volunteers 

3 months 30 healthy volunteers 500 mg total 
catechins 

20 healthy volunteers 3 months 

Green tea catechin 

-745 mg total 
catechins 

Sugar-free green 
tea chew candies 

Urinary excretion of (+)-catechin and 
metabolites (55%) 

Green tea catechins 
in tablet form 

Hackett et a/., 1983 

Green tea extract in 
tablet form (1 g) 

6 healthy males 

3 weeks 

(+)-Catechin Single dose' 500, 1,000, and Unchanged (+)-catechin and 
granules suspended 2,000 metabolites in serum 
in water 

300 mg total 
catechins 

4 healthy subjects 

18 healthy subjects 

4 weeks 

Green tea powder I Single dose -loo2 EGC t serum level of EGCG Unno et a/. , 1996 

Decaffeinated green Single dose 282,564, or 846 t plasma level of EGCG, EGC, and Yang et a/., 1998 
tea extract total catechin3 EC 

-350 to 485 mg 
total catechins 

Absorption, Distribution, Metabolism, and Excretion (ADME) Studies 

7 lactic acid bacteria and organic 
compounds 
3 putrefactive bacteria and odorous 
compounds and a lowered pH 

No adverse effects 
Slight 1 in gingival inflammation 

No adverse effects 

No adverse effects 

Hara, 1997 

Krahwinkel and 
Willershausen, 
2000 

Hara, 1997 

Yamane et a/., 
1996 

3 healthy males Single dose 2,000 I (+)-Catechin 
capsules (500 mg) 

t plasma concentration of 
unchanged (+)-catechin I 

Balant et a/., 1979 

008038 14 



Urinary excretion of catechins 
~_______ 

Yang et a/., 2000 

Table 3 Grape Seed Extract and Monomeric Constituent Intakes of Subjects in Prospective Clinical Trials and 
Epidemiological Studies 

Number of Subjects Source of 
Monomers andlor 

Polymers 

Exposure 
Period 

Measured Outcome Reference Estimated Intake 
of Catechin 
Monomers 

(mglpersonlday) 

-1 76 mg4 total 
catechin 

1 healthy female Canned green tea Single dose 

5 healthy males Decaffeinated green 
tea powder 

Single dose -300 m total 
catechin 9i Urinary excretion of EGC, EC, and 

metabolites 
t plasma levels of EGC and EC 

Li et a/., 2000 

1 healthy male Decaffeinated green 
tea powder 

Single dose -300 or 600 total 
catechins6 

Urinary excretion of EGC, EC, and 
metabolites 
t plasma levels of EGC and EC 

I Li et a/., 2000 

19pI Nakagawa et a/., Green tea leaf 
extract (capsules) 

Single dose 233,388, or 543 
mg EGCG and 
EGC combined 

~~~~ 

t plasma levels of EGCG and EGC 2 healthy females 
1 healthy male 

Single dose Chow et a/., 2001 20 healthy males an'd 
females 

20 healthy males and 
females . 

Epigallocatechin 
gallate capsules 

Polyphenon E 
capsule 

200,400,600, or 
800 mg EGCG 

268,536,804, or 
1,072 mg total 
catechins 

100 mg total 
catechins 

EGCG and EGC and EC conjugates 
in plasma and urine 

EGCG and EGC and EC conjugates 
in plasma and urine 

Single dose Chow et a/., 2001 

15 healthy females 6 hours (4 
doses/day) 

1 plasma levels of EGC, EGCG, EC, 
and ECG 

urinary levels of EGC and EC 
fecal levels of EGC, EGCG, EC, 

and ECG 

Warden et a/., 
2001 

Black tea powder 

5 healthy males 
4 healthv females 

35 mg (+)-catechin Single dose t plasma levels of (+)-catechin 
metabolites 

Donovan et a/. , 
1999 

Red wine 

000039 
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Number of Subjects 

5 healthy males 

4 healthy males 

9 healthy males 

Estimated Intake Measured Outcome Reference Source of Exposure 
Monomers andlor Period of Catechin 

Polymers Monomers 
(mglpersonlday) 

Chocolate or cocoa Single dose -2,740 total EC conjugates in plasma and Baba et a/., 2000 

Decaffeinated green Single dose 235 mg fotal t plasma levels of EGCG, EGC, and Lee et a/., 1995 
tea powder catechin EC urinary excretion of EGC and EC 

polyphenols urine 

6 healthy females 
4 healthy males 

total plasma phenolic 

plasma antioxidant capacity . 
concentration 

t serum antioxidant capacity 

8 healthy females 

Duthie et a/., 1998 

Whitehead et a/., 
1995 

18 healthy subjects 400 or 1,040 total 
catechins 

17 healthy males 

t plasma concentration of total 
catechins 
No effect on serum antioxidant 
caDacitv 

Whisky or red wine 

800 mL red 
winelday 

Red wine 
White wine 

J plasma and LDL lipid peroxidation Fuhrman et a/., I 1995 

Strawberry, ascorbic 
acid, raw spinach, 
dealcoholized red 
wine 

Green or black tea” 

Red wine 

Single dose 

Single dose ’ 

1 dayg 

3 days 

2 weeks 

180 or 1,251 GAE; 
CIglmL 

N R~ 

NR serum antioxidant capacity Cao et a/. , 1998 

van het Hof et a/., 
1999 

000040 
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Number of Subjects Ref e ren ce Source of Exposure Estimated Intake Measured Outcome 
Monomers andlor Period of Catechin 

Polymers Monomers 
(mglpersonlday) 

5 healthy females 
5 healthy males 

20 healthy males 

24 healthy males 

~~ 

Red and white wine 
and grape juice 

Red or white wine 

Single dose 

2 weeks 

Red or white wine or 4 weeks 
grape juice 

300 mL white or 
red wine or 720 mL 
araDe iuice 

375 rnL wine or 500 
mL grape juice 

4 blood platelet aggregation 

No effect on platelet aggregation or 
thromboxane production I 1996 

Pace-Asciak et a/., 

Folts, 1998 

10 
hypercholesterqlemic 
subjects 

400 mL wine 

Grape seed extract 2 months 

t plasma HDL cholesterol and 
plasma apolipoprotein A-l 
concentrations 

939 elderly men 

2,748 males 
2,385 women 

552 men enrolled in 
the Zutphen Study 

12,763 men enrolled 
in Seven Countries 
Study 

Lavy et a/. , 1994 

Fruit, vegetables 1 year 
and beverages 

Total diet 6 years. 

Total diet 10 years 

Total diet 25-year follow- 
up period 

100 mg grape seed 
extract 

4 autoantibodies to oxidized LDL Preuss et a/., 2000 

25.9 mg total 
flavonoids 

3.4 mg total 
flavonoids 

18.3 to 28.6 rng 
total flavonoids/day 

2.6 to 68.2 mg total 
flavonoidslda y 

1 mortality from coronary heart 
disease 

Inverse association of flavonoid 
consumption with coronary heart 
disease 

Inverse association of flavonoid 
consumption with coronary heart 
disease 

Inverse association of flavonoid 
consumption with coronary heart 
disease 

Hertog et a/., 1993 

Knekt et a/., 1996 

Keli et a/., 1996 

Hertog et a/., 1995 
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Number of Subjects 

18 

Source of Exposure Estimated Intake Measured Outcome Ref ere n ce 
Monomers andlor Period of Catechin 

Polymers Monomers 
(mglpersonlday) 

1,016 esophageal 
cancer patients 
1.552 control 
subjects 

12,763 men enrolled 
in Seven Countries 
Study 

Green tea Average daily Not reported Inverse association of green tea Gao et a/., 1994 
intake consumption with esophageal 

cancer 

Total diet Average daily 2.6 to 68.2 mg total No association with cancer mortality Hertog et a/., 1995 
intake with 25- flavonoids/day 
year follow-up 
period 
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ATTACHMENT 1 

CURRICULA VITAE OF EXPERT PANEL MEMBERS 



Joseph Francis Borzelleca 
                                     

                                           
                                           

Educational Background: 

B.S. St. Joseph’s University, Philadelphia, PA, Major: Biology, Chemistry. 

M.S. School of Graduate Studies, Thomas Jefferson University, Jefferson Medical College, 
Philadelphia, PA, Major: Pharmacology, Physiology. 

Ph.D. School of Graduate Studies, Thomas Jefferson University, Jefferson Medical College, 
Philadelphia, PA. Major: Pharmacology, Biochemistry. 

Academic Appointments 

Instructor-Associate: Department of Pharmacology, Medical College of Pennsylvania, 1956- 
1959. 

Assistant Professor: Department of Pharmacology, Toxicology, Medical College of Virginia, 
1959-62 and 1962-1 967. 

Professor: Department of Pharmacology, Toxicology, Medical College of Virginia, 
1967- 

Head: 
College of Virginia, 1972-1 986. 

Professor Emeritus: 
Medical College of Virginia, July 1996 - 

Division of Toxicology, Department of Pharmacology, Toxicology, Medical 

Pharmacology & Toxicology, Department of Pharmacology, Toxicology, 

Professional Certification 

Fellow, Academy of Toxicological Sciences 

Professional Affiliations 

Societies 

Academy of Toxicological Sciences* ** 

American Association for the Advancement of Science 

American Chemical Society 

American College of Toxicology* 008050 

American Society of Pharmacology and Experimental Therapeutics** 

(Environmental Pharmacology Committee; Liaison Committee, SOT; Toxicology 
Committee) 

.
.



International Society of Regulatory Toxicology and Pharmacology* 

(Member of Council) 

Sigma XI 

Society of Experimental Biology and Medicine* 

(Councilor; Program Chairman of southeastern Section) 

Society for Risk Analysis 

Society of Toxicology* ** 
(Member and/or Chairman: Awards, Education, Legislative Affairs, Membership, 
Nominating Committees; Secretary of the Society, Councilor, and President; President, 
Food Safety Specialty Section) 

Virginia Academy of Science* 

(Chairman, Medical Sciences Division) 

Held elected office 
** Held appointed office or position 

Board of Directors 

ILSl 

Board of Scientific and Policy Advisors 

American Council on Science and Health 

Journals 

Editor, Food Chemical Toxicology, 1992- 

Editorial Board 

Environmental Carcinogenesis Reviews, 1981 - 
Journal of Environmental Pathology, Toxicology and Oncology 1977- 

Journal of Environmental Science and Health, 1979- 

Journal of the American College of Toxicology, 1982- 

Journal of Toxicology: Cutaneous and Ocular Toxicology, 1982- 1992 

Journal of Applied Toxicology, 1989- 

Pharmacology, 1978- 

Pharmacology and Drug Development, 1980- 

Toxicology and Applied Pharmacology, 1975-1 978 

800051 



Consultantships (Past, Present) 

Governmental 

Food and Drug Administration 

National Institute of Mental Health 

National Cancer Institute 

Environmental Protection Agency 

Department of Labor - OSHA (Chairman, Carcinogens Standards Committee) 

U.S. Army - Research and Development Command 

Non-Governmental 

National Academy of Sciences - NRC 

Committee on Toxicology (Member, Chairman)/Board on Toxicology and Environmental 

Health Hazards 

Safe Drinking Water Committee 

Evaluation of Household Substances Committee (1 138 Committee) 

Food Protection Committee 

Food Additives Survey Committee 

Committee on Risk-Based Criteria for Non-RCRA Hazardous Wastes 

Committee on Risk Assessment of Flame-Retardant Chemicals 

Federation of American Societies of Experimental Biology 

Select Committee on GRAS Substances 

Flavors and Extracts 

Biotechnology Product Safety 

Caprenin GRAS Committee 

World Health Organization 

Joint Meeting on Pesticide Residues (JMPR) (Member, Chairman) 

NATOKCMS Drinking Water committee 

industrial 

Chemical Companies; Trade Associations 
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University Activities 

Related to Instruction 

Prepared a laboratory manual in pharmacology (animal and human studies) (1 960) 
Introduced the use of closed circuit TV and TV tapes in pharmacology (1 1960) 
Introduced clinical pharmacological experiments into the medical and dental programs 
(1 960) 

Planning and participation in continuing education program 
(Schools of Dentistry, Medicine and Pharmacy) 

Planning and administering each of the three major efforts in pharmacology 

(dental, medical, pharmacy) since 1960. 

Graduate Program - assisted in developing graduate training program in toxicology 

Current Teaching Activities 

Presents lectures on Toxicological Issues, Food Intake and Control 

Not Directly Related to Instruction 

Elected senator from the graduate school, then vice-president of the University Senate 
Served on various committees (e.g. Curriculum, Search, Animal Care) in each of the four 
major schools (Dentistry, Graduate, Medical, Pharmacy) 

Research 

Research was continuously funded from 1956. Sources of support included governmental 
(U.S.P.H.S.; N.1.H; E.P.A.; N.I.D.A.) and non-governmental (industrial). A list of 
publications is attached). 

Awards 

DOD - US Army - Chemical Research Development and Engineering Center 

Distinguished Service Award, 1986 

National Italian - American Foundation Award 

Excellence in Medicine and Community Service, 1987 

Thomas Jefferson University 

Distinguished Alumnus Award, 1987 

Virginia Commonwealth University - School of Basic Health Sciences 

Outstanding Faculty Award, 1987 OOO053 
Virginia Commonwealth University - School of Basic Health Sciences, Dept. of 
Pharmacology and Toxicology 



Professor of the Year- 1992 

American College of Toxicology 

Distinguished Service Award- 1997 

Virginia's Life Achievement in Science Award- April 2001 

2001 Bernard L. Oser Food Ingredient Safety Award by the Institute of Food Technologists 
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EXPERT PANEL REPORT CONCERNING THE INCREASED USE LEVELS OF GRAPE SEED 
EXTRACT WITH LESS THAN 5.5% CATECHIN MONOMERS (lH636) IN FOODS 

May 15,2002 

Introduction 

As independent experts qualified by relevant national and international experience and scientific 
training to evaluate the safety of food ingredients, we, the undersigned, Joseph F. Borzelleca, 
Ph.D. (Medical College of Virginia), Andrew L. Waterhouse, Ph.D. (University of California), and 
Gary Williams, M.D. (New York Medical College), were requested by the manufacturer, Dry 
Creek Nutrition, Inc., as an Expert Panel (hereinafter referred to as the Panel) to evaluate the 
impact of increased use levels on the Generally Recognized As Safe (GRAS) status of Grape 
Seed Extract with less than 5.5% Catechin Monomers (1H636) under the conditions of intended 
use in conventional foods as an antioxidant and/or emulsifier. 

Previously, the safety of lH636 for the same uses (lower use levels) was critically evaluated by 
the Expert Panel (See attachment 1). The Panel then concluded that the use of lH636 as an 
antioxidant and/or emulsifier, in a number of foods was GRAS based on scientific procedures. 
The mean and 90th percentile intake of lH636 by the total population from all proposed food- 
uses was estimated to be ‘1 38 mg/person/day (2.58 mglkg body weighuday) and 264 
mg/person/day (5.46 mg/kg body weighffday), respectively. 

In the course of reviewing the impact of increased use levels of lH636, the Expert Panel 
reviewed intake estimates for the previous GRAS uses and the small increased exposures from 
higher use levels, information present in the original GRAS dossier, and any additional relevant 
information. 

Following independent, critical evaluation of such data and information, the Expert Panel 
concluded that under the conditions of increased use levels in foods, lH636 meeting appropriate 
food grade specifications and manufactured in accordance with current good manufacturing 
practices, is “generally recognized as safe” based on scientific procedures. A summary of the 
basis for the Panel’s conclusion is provided below. 

Dietary Exposure 

The proposed uses and use levels of lH636 are shown in the attached Table 1. The food 
categories of use have not changed from the previous GRAS categories, but there has been 
some increased use levels in several categories as a result of new technological information. 
For example, the proposed use levels of 1H636 in instant and regular hot cereals, ready to eat 
cereals, health bars and meal replacements have increased from 0.04% to 0.08%. 

The consumption of lH636 from all previous uses and use levels was estimated using the United 
States Department of Agriculture (USDA) 1994-1996 Continuing Survey of Food Intakes by 
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Individuals (USDA CSFll 1994-1996) and the 1998 Supplemental Children’s Survey (USDA CSF 
I I  1998) (USDA, 2000). The mean and 90th percentile intake of lH636 by the total population 
from all proposed food-uses was estimated to be 138 mg/person/day (2.58 mg/kg body 
weightlday) and 264 mg/person/day (5.46 mg/kg body weightlday), respectively. The increase in 
use levels results in a small increase in exposure. The mean and 90th percentile intake of lH636 
by the total population that result from increasing the use levels was estimated to be 153 
mg/person/day (2.90 mglkg body weightlday) and 291 mg/person/day (6.09 mglkg body 
weightlday), respectively. 1H636 is not intended for use in foods consumed by infants. 

Safety Information 

The safety of lH636 is based on (a) a history of proanthocyanidin consumption as a result of 
their abundant natural presence in food, (b) the small quantities expected to be consumed from 
proposed uses, (c) toxicological and clinical studies on lH636, and (d) metabolic, mutagenicity, 
toxicological, clinical, and nutritional studies on components of lH636. 

In a 90-day oral toxicity study, 1H636 was provided to 4 groups Sprague-Dawley rats (20 
rats/sex/group) at levels of 0, 0.5, 1 .O, or 2.0% (Wren et a/., 2001). On a body weight basis, 
these doses were reported to be equivalent to 0, 348, 642, and 1,586 mg/kg body weight, 
respectively, for male rats, and 0, 469, 883, and 1,928 mg/kg body weight, respectively, for 
female rats. The authors reported no compound-related effects on body or organ weights, 
ophthalmology evaluation, or clinical chemistry or histopathological parameters in any of the 
animals. No adverse effects were observed up to 2.0% in the diet, the highest dose tested. 

Based on toxicological and clinical studies on lH636 reviewed previously and the lack of any 
recent new information that raises any safety concerns, the increased use levels resulting in 
increased consumption levels does not impact on the safety of lH636. 
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Conclusion 

We, the Expert Panel, have independently critically evaluated the data and information 
summarized above and conclude that Grape Seed Extract with less than 5.5% Catechin 
Monomers, meeting food grade specifications and produced in compliance with cGMP, is 
Generally Recognized As Safe (GRAS) by scientific procedures for use as an antioxidant and/or 
emulsifier in conventional foods under the conditions of intended use described herein. 

'Toxicology 
Medical College of Virginia 
                                                      

        
Andrew Waterhouse, Ph.D. 
Professor of Enology 
Department of Viticulture and 
Enology . 

                                    

  
                               
Proiessor of Pathology 
Department of Pathology 
New York Medical College 

Date 
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Summary of the Individual Proposed Food Uses and Use-Levels for Grape 
Seed Extract with less than 5.5% Catechin Monomers in the U.S. 

/I Tab'e ' 

Previous 

Food Category 

New Proposed 

Proposed Food Use 

Grain Products 

Use-Levels for Grape Seed 
Extract with less than 5.5% 

Catechin Monomers (%) 

Frozen yogurt 0.01 0.01 

Health bars 0.04 0.08 

Fruit juices 

Carbonated and fruit-flavored 
drinks 

Beveraaes and Beveraae Bases 

0.02 0.02 

0.02 0.02 

Breakfast Cereals 

Carbonated soft drinks I ' 0.02 I 0.02 

Instant and regular hot cereals I 0.04 I 0.08 

II I Ready-to-eat cereals I 0.04 I 0.08 

11 Fats and Oils I Mayonnaise I 0.02 I 0.02 

Frozen Dairy Desserts and Mixes I I  
~ 

Regular and low-fat ice creams I 0.01 
and ice milks 

0.01 

Milk. Whole. and Skim 

Milk Products 

Processed Fruits and Fruit Juices 

Reduced-fat milks I 0.01. I 0.01 

Flavored milk based beverages I 0.01 I 0.01 

Meal replacements I 0.04 I 0.08 

Buttermilk I 0.01 'I 0.01 

Yogurt I 0.02 I 0.02 
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APPENDIX 111 

COMPARISON OF THE OLIGOMERIC AND MONOMERIC FLAVAN-3-OL DISTRIBUTION IN 
TWO COMMERCIAL GRAPE SEED EXTRACT PREPARATIONS 
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Table Alll-I Comparison of the Oligomeric and Monomeric Flavan-3-01 Distribution in Twc 
Commercial Grape Seed Extract Preparations 

Analyte 
Protein (%) 
Ash (%) 

Fat (%) 
Carbohydrate (%) 
Moisture f%\ 

Grape Seed Extract (GSE) Gravinol Super”’” 
3.08 to 6.10 1.06% 
0.25 to 0.70 0.8% 

0.13 to 0.58 None reported 
6.33 to 9.37 None reported 
2.52 to 4.99 2.24% 

73.32 to 77.63 Total Oligomeric Flavan3-ols (%), 
(dry weight basis) 89.3 

Decamer and above 
Nonamer 
Octamer 
Heptamer 
Hexamer 

Pentamer 

Tetramer 
Trimer 
Dimer 

Monomeric Distribution (%), (dry weight basis) 
f+LCatechin I 0.77 tn 1.49 1 7.5 

1.04 to 4.07 NA 
4.54 to 5.78 NA 
4.1 1 to 10.86 NA 
6.76 to 17.93 NA 
10.15 to 17.64 NA 

74.8 
(pentamer and above) 6.32 to 12.18 

9.02 to 13.51 2.9 
3.42 to 13.19 5.0 
7.41 to 10.10 6.6 

2.60 to 4.08 Total Monomeric Flavan-3-01s (%), 
(dry weight basis) 6.6 

Alll-1 

1 I 

(-)-Epicatechin 
(-)-Epigallocatechin 
(-)-Epicatechin gallate 
(-)-Epigallocatechin gallate 

-. . . _- . . . - 
0.83 to 1.39 2.2 
0.35 to 0.44 1.4 
0.61 to 0.88 - 
0.03 to 0.10 0.5 

Monomers 
Oligomers 
Polymers 
Ratio (Monomers:Oligomers + Polymers) 

c5.5 (-3.33) 6.6 
-73.33 
-2.44 Not determined 
1:13.84 1:13.5 

- > I 4 5  and up to 89.3 



e 

,- 

a 

End Submission 

(boo105 



jM I111llllllllll I1 1111 

Providing World-Class, Natural Products To Improve People’s Lives 

March 5,2003 

63-03 -1  1 A 1  0 : 30 R C V D  

Dr. Robert Martin 
Deputy Director 
Office of Food Additive Safety (HFS-209) 
Center for Food Safety and Applied Nutrition 
Food And Drug Administration 
5 100 Pain Branch Parkway 
College Park, MD 20740-3835 

Via Fax: 202-41 8-3428 

Re: Authorization to Discuss Technical Issues with Dr. Joe Bonelleca 
GRAS Notice No. GRN 000124 

Dear Dr. Martin: 

As the FDA moves forward with consideration of our GRAS application, technical questions 
may arise regarding the dossier. This correspondence hereby authorizes you to contact Dr. Joe 
Borzelleca directly to discuss safetyhoxicological issues. As you know, Dr. Borzelleca served 
on the Scientific Panel. Dr. Borzelleca can be reached at 804-285-2004. 

Please don’t hesitate to call if you have any questions. 

Sincerely, ,! 

 
Vice P esident / 

Cc: Joe Borzelleca (Fax: 804-285-1401 1 

S A N  JOAQUIN VALLEY C O N C E N T R A T E S ,  5631 E OLIVE AVE , F R E S N O  CA 93727 
TOLL FREE (800)557-0220 OFFICE (559)458-2500 FAX (559)458-2564 
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